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C tt ft SI X © « 9 ] 
[ tt * JH 1 ] 

6stH«mB«t*a±c»j«UT. aific«t:-)7Bfliu?«ni«t»«L, mc 
wafrffiiEaitt<?>*±i/*i;u<3>±£c»j*?tizia*, 

[ St JK A 2 ] 

fflESnaaawa*. awsoisosuttftsc* ■> *tti * <?n ?c» •> 7*§£« 10 

**ft7l)?CYt»«**J«*Jjl1 C IE IK <<> £ . 
[ tt X A 8 ] 

»iEeita!i8««»viriEEffamt»flft7is*. 

oigsi, sB«cii(5«Bt*u. » le ft ft a s * . ffi§E®&«tt<i>fi§E£Htt)ic 
a»e«e±c»fl?rti. iiaEigfiPftftStf. jnse*tt««$>iBcwflf**i3ia*, 

lBSSlfittllffl)«JirJ:&f«llBettS«mB«®B©lBCS»ttmt»U. » IE 6 S S ft 

ftfljftvftiie&isftftAtf. 4 niY*iii!iiB*ia«*»>j»flfrn.?ia^ 20 

tftfcfc;:**»«**3»XJR2CiE*<l>£a. 
[ SI * 4 ] 

n le k fip ffitt ■ t r#5)? * 1 1 a * - 

s^fiaeJit^!e s y-f ; s±?y < fcdiiE«sfii«iwicr^fiia>;, 

wi!2)£a32je^ t j»fcjRatttt*3»j;&f»ie*aii*nc»fl?u . A ie E suss e A # . ± 

auEi^^ist *r z iav 

t*fcfc::*t»«**Z»XJJl3caE*<l>*». 
[SXA6] 

SI A 'J ■? i t . A IE S 1 &ltA±*£Brl!£ftfffl(tfncftJ£U. fiu IE S 1 AHI» 30 

»ftttJBt»EAy**±»j;&i!QiE«a*«nc»jSTZia*. 

» £A y *lt»E*ftlfcJi±flJ:&'»lE«ft*Jtnc»J*U. flEy-Kltf. milES 

2 A'niicisrrMig^, 

J»E**£1I«Citt Z , IIBA'H SV, MEVfttt**. ft IE V - F M Y . AE£9tBi 

ttsairj;&nnEJ6BPBttti<?>a»fr*t. ffliEis^mMv^oiic^sru^soiESi ft it i 

<?>»fl>tlBEHi£**<l>VEI"*CR**3I**. 

B5 E S 1 J8tStilc)feJD<9XFy?In7SfflU. JfyESlftJil*iiESl A 
U^iS>:ffilE««ttS>;miiES2A , JrS>;iiIEi/-h'lV«ilESaffieS^J;^iilEJ£ 
aiffitt^^^srti^^T.fefipa'tPitiiav 40 
t«%fe;;*t*t«*r*tt*«4c!E«0aa. 
[ §5 * JH 6 ] 

n ie s 1 ft it s v . so E s 1 a y * A * , bo e § me A v , nteftZAiirA*, so e v 

-KIV, IlE&attttA V . iiulE/SWfiBttlify «fc&f«E««*tt<?>»* V t ^ £ t 3 I 

X v f >7 * tffft* * 3 aX«5 CE*<Pfcft. 

[ If * II 7 3 

boes 1 ftjj&izA'nijr, *>**tat'C*tfi«*r*ft**5cft*fl>&* 

a 

[ §5 X Jl 8 ] 

« E A ft A * . ft t * C * t *lft * * 3 ■ * * 5 C IE* G * » . 50 



Patent provided by Sughrue Mlon, PLLC - http://www.sughrue.com 



JP 2004 51985? A 2004. 7. 2 



[ 86 * fl 1 0 ] 

85 IE & 31 fitt ft S # . » 7 > # > tSt-c V t H « * r Z MXiRG C IE tK c?> ft . 

c ii * a 1 1 ] 

C a 5K Jl 1 2 1 
[flXAl 3 ] 

fiSE±»*tt«t*fl?t?lS*. 10 
1l<Plfffia«^tll!5SfiPffittl±^J:^J»gBSS5ffitt«c?«iiB±BPia^1S«Wcr#S)? 

18A'Hltll61»IftliC»JtrjHil!, 

[ a « js 1 4 ] 

StZIitf. Xvf>7tSfrU*t««V*Za*JRl 3 C IE «! O £ ft . 

c a * is 1 5 ] 

«5 ie 1 MonmHttmvi , 7ii-s:')i»nt»t3t>cH«9mi*jii 3 ciew 
© ^ a . 
[ a * * 1 6 ] 

BdiE±a5fiKft^^. :v^*fttst'cvt»«vt?»*ai 3 iu ie fe © ft . 
c a * js 1 7 ] 

itiSA'jri*, j>Htst^vt»anza**i 3 cie**© # ft . 
c a * a 1 8 ] 

• iflittiit. »iE?^«atr»^iBiE±aJweiftj:e(f«i8B* s a y r *<D»8E*± 30 
cwsku. B5iE««*is:«^^^ . HyiESapffittSn:** u 713^ t z c * t a a * r z a 

* Jl 1 3 C IE ft . 

c a x a 1 9 ] 

aJKJSl 8 C IE ft! © £ ft . 
[ tt * Jfl 2 0 ] 

«*#st.»iE*««saa*v«iiB»i«ttS«)r < fee#i»iE**±cwj«rzc^t» 
«vrza*«i8ciE«o^ft. 
[ a * a z 1 i 

MRAM^tVf A at»«t]J ft? ft -9 7. 40 

6ttg«s«iita!*<D±ac»«L . mie«®ih&#. s<ta«'JSi*asEffl | j«t «£« 
a 2«ttit»SE^«tt»±c»ar ng^ 

t * t»«Y: t Z 15 

[1X412 2 ] 

iiiESttiaittittPsjrtzis^. 

sfi«<bi»ji*«tffliE**±c»flfL. AEHBBft»fl«tfQiii9neat : B<!>**# 
g w ?- z i a * > 50 
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Sft; » 0 t , » E * fi • ft » * * » * tt ® ft E B ffl U fc B # <9 ± C » J* * Z I « V . 
ft IE 38 1 tttt!t»lE»ftttS±C»S?*ZlS*, 

ji»«fc&fa»»WBi±©»*»i«ttS^tst'ftiE6iii!««*ist»atife»c 
. ftiegHt^HM^T^fties&tBWts^piuxyf^u. ftiEBifiitt£#±8P 
mat *r z is* , 

luiEfltMJltXh y?Sn7gffiU, fflaElflSfiitatf f tzisv 
t$%*LZY-Zft®iYtJmX.mZ 1 IU IE $ <i> £ )* . 

[ a * ji 2 3 1 

ft£6SlSIII*iit«Bt3ia»f. »82Bl«ttS©«liB±aPiafr««t»*USSll 
c*t*****ft*«Z2cle*Kl>*». 
C a * JS 2 4 ] 

DiEB&fifiJittJtfffiKrzi&tf. 

ii AyrJitft£Sftii»««nap*j:»»es<tttKff«±cjBSfb. ftiE§ng#. 
ft 12 » 1 a y r I ± c »* r <i ? ia v . 

S2Ayrstft8e$«;fiffJBn»»j:&»fta*ftfi±c»i3?*zi«*. 
y - k 1 1 ft IB s aw* n » b eft IB * z a y 1 1 ± cm t * i s * . 

& & ffi ft 1 1 ft IE S ft £ W !l W ffi ft £ ft IE ^ - K 1 ± IU J* U . ft IE !* 1 fiK ft 1 # . ft 

SE/&a5Bfti±cM?ii.zis*. 

ftlES^ t BiB U » -3 ft IBS Hi«!i*36 t PS? t I fc it) C . ffl§E*tt»«**. ft IE S 

<t a * . *ie»i *«fcer*ZAy-r/iv, ft ie $ m s * , ft IB y - k 1 * . ft IB s a at ft 

lift ,£ Crft IE* 1 5ltftlV^I5]^ICXvf>7?tlZiaV t«fcfcC*tHtt**Z 
a * A 2 2 C IB « <9 n a . 
[ a * JS 2 5 ] 

javr?a*JS24ic!B«!©^5s. 
[ a * m 2 6 ] 

mF ie SB 2aftitftHE#fiBttS±c»ja?*zis*. 

ftlESB Z«ftl^»iE*8lttS0ff*t . ft£*tt±»«fc&ftiEa«»Jt# ^ U . ft 
SE55 Zttttlft^Zfafcttltftjlff. ft IE « I V ft IE ft B ± C » £ U . » "3 ft IE 38 2 

«tt«3y«fc&fiiE#ffittfitftieK* *z c »sE«««a±c. ft ei 2 ffitt/i * 
nettftttloatftrza* 

t«*.fcCVt*t«V**B**Z 5 IC IE I* © £ 5* . 

[ a * m 2 7 ] 

»3AyirtftlEBZattS±C3BflfL. t Q * * ft IE B 2 ffift M Y N B C tt * * ft . 

ftiE* 3 a y r v , ftiEB z atftiay j;&f»iE^8tfti ^ tuts* i iatf. x 
i a * « z 8 ] 

ft IB* 1 <5<fc&fBZAy*i#. ^Ut3t'CM»i>!tZ«*JS2 4i:iEll!0^ 
B. 

C B * JH Z ? ] 
[ a 5K JS 3 0 ] 

ft SB 5/ - I* 1 * . Zv*;UfttSt'C*t!&a**ZB3K*Z4ICiB«<&£». 

[ a * JS 3 1 3 

«iBSa«ftiflf.BY>y>t3t'C^t«ftvrza**24ClE«O^B. 

c a * * 3 z ] 
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[ a * * 3 3 ] 

fi IE ft SB ft 1 . 7*$: i )i»«ft»tSt'On»SUZi*]SZ 6 C 8E * <3> £ ft . 
[ a * * 3 4 ] 

Buses 2SittM»f. zv^Afttit'cvtimvtiiSfaz 6 iciE«:<?>£ft. 
[ a * * 3 5 ] 

lEIgAUflV. 9 > Ht St'C V tRSKV * Z a** 2 7 ClE«©5ft. 

[ a * * 3 6 ] 

aaasaaataca a a y **±c»s?u . luissiigsjfs&a;*. aiEaaa&c 

*JU7l*r*CVta«V*3a**27C£«<3>Bft. 10 
C » * « 3 7 ] 

aiiE$i*g5:&&a#, 7 - h- , ne««ff»c v I C * t HS* t 3 

a * * 3 e c ib « <p ^ ft . 
[ a * * 3 8 ] 

c a x * 3 ? ] 

MRAMt2;i/©&t*<i>®tg«±cr*J* , rZU*t3*. M R AM C * Cttfcfl) • <9 

? <?> '> a < n 1 otfluie^srtzis^. 

'>« < * 6 1 1 iHSSS«ifit*«±CJKB!?b. ffiiB'>tt < U 1 20 

*lStt»flJ«*, IE1 1 IftlfllCf £»lt7 1 1 IftltVlV, 
»8E»l3tt»£8PS±*ffl!ESfc»«SnSS>J!lT0*fi-yftZ. Su IB » 1 ^ -ft ^ SP 
l±©»1/tyrlV. BI1 AHli^MlK, Mlll^liA'HDl, §s 

« z a y t l±©y- k 1 v , ay- Ki±©iRa«ttSv. issifiSi © & bp as 
inn. s/£S5fiaes^tD^m«;t * t ? Hi; . 

*i^«*tit.]»SB'>«<vei®*i&S[fiiis«ft<?)ii!isesajaeH©*i*tt± 
«j:&fiijiEKaj«ttJi©ffliEia^«ttnc»fl?t?is^, 

»3Ainrlt«9sE*i i»*ttiic»*rniv. 

58 1 *l&£Jftaat Nu IB SB 3 A 'J f IJiCBSTU , 80 IE S 1 « «& £«a® * . »C> 30 

[ a * * 4 o ] 

xK«cT<Tttaiasafc»***t*a<p»*±c»«u, aemsiftiiM 

M<?>lll0»e*a®0«-tfBW?tl?I**. 

iitftiit, Big»i»fi.afc»a««*aiE*a$>aieBffi»*<i>±c»j**zi 
a v . 

no ie s 1 Ainrit«cai nt»i±c»arusv, 

»iE*BJitaiE»iAy*a±c»fl?tz:i«*. 40 
hue 58 2 a y r i ? a ie $ 1 E ± ic r* ? 2 i s v . 

» IE 5/ - I* 1 1 B SB » 2 A 'J IT * ± C » * 3 I tt V . 
B IB & »«tt 1 1 » IE 5/ - K * ± C * 3 I « * . 

huIess 1 EfiPfiatt^tBuiEsafiatt^±icPSi:t^i«>:. 

a is '> * < n 1 T96asai«iitiss;t jfe^c, suIessi ift»i«X9T9ii 

lulEM^m«£tiilE»1 &B3fiKtt® + C$-fJ;?IU, a SE * 1 HkttiltZ h y?Si 
L7S11, JtulB'>« < H 1 T<96SS«i«lltiitZlSV 
t«*.feC*t«»*T*a**3 9 C IE 3* © £ ft . 

[8**41] 50 
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Ml ft It . milES 1 %W®lZ&M®3i J;Z#l!liE**±C»flft 2 IS* . 
MRAM«JHJ*S< H 1 "5 <0 » 2 1 1 BO CM 1# I ± C»* t Z 1 8 * 

c a * « 4 2 ] 
a. 

[ a * * 4 3 3 

«B»*i*,«itafcc*t*i«*tj«**4<)ce*fl>»*. 

[ t> * JS 4 4 ] 

»c»*«£*a«#. wt at'c ^ t»«v t z«*«4 o cc*©**. 

C S5 X « 4 5 ] 
[ a * JS 4 6 ] 

85ie>s^fiseiff.»Y>ff>tgt-c , i:titf«ivrz8i^Ji4oicieti!0^ft. 

[ IS * * 4 7 ] 

idles i jSBPffittiff, zvi7-**t3t''c*t»t«*r;j«**4ocE«fl>a*. 
[ si * JS 4 8 ] 

ft. 

[ SS * JS 4 9 ] 

HOES 1 ± BPSBttlff , :v>AlStSt'CKtlliVtIlXJ)l4 0CEi9Jit. 

c a * js 5 o ] 

'>«< n 1 o^azsasiiininat. msess i insas»)icBi«U7igtecf 
frfc*i»»«2«a«ff. i t^^ J ^ , ^lt5m1leiIIasI«it®lQIes3A l ;^rI±lCi?) , ; 

. ff o D91B» 1 ^J;6fS2SIll!ai*UttSanc , i:ti|f^Vt?a^Ja40ICielt! 

© * ft . 

[ a * « 5 1 ] 

B0seSiaVJ;6fS26IlSai«3tci)m1ieSl«llffi:yMS?if) , KBuieSl«m« 
c a * JS 5 2 ] 

ffiiie^ftff, boes 1 ay <fc&fS 2 saa«i«ut±?. B0E$£*§£8a*s± ft jiztts 

S«±IC«E)fU*.SIH*S±?«l , ;iSrtl3CVt1lffi[Vt?a>Kffi50(Ciei!<?)^ft. 
C a * Jl 5 3 ] 

M R A M 7* A 4 7t»a?t2*»?ft-5T. 

HtftSt. )i5Ig'>5!< Vt 2t<5, KH?tlfc«tt»*«XffiieS*<?>±C»J*L. BO 

E S » S ff . ME'>*<xfc2->0. ttwrtifcKtt»**0»iE*iCffln:£ifi*W«. 

si Ayfit*BHkiiic»*rjiH(. 
«« 1 1 bo ie s 1 a y * ■ ± c » * * * i * x . 
«Myflt*Milic»*tiiiK. 

SBP**t« t»iejRaattS± c»at nth 

gv, bo e g « i * . teiZAHlv. BO ie v - k i x , bo a s a ant s * * z* » e 
/swas'iiixtaj^^icsH-rzisxs 
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v?SH7fll. fti lEJStfffiftS * . Bu lESSSKIftl * . A IE V - K 8 Y \ SO IE 55 2 
A V * 8 Y . ffi IE A A ® * , AEAlA!/*AAJ:&fAESfc»A*tAAr3Itt*. 

^it fit . AE£»attA*AE**®±c»AT?is*. 
iffssftA ? so ie?fatttfiicr^t nav, 
A3Ay-\ritAE±w*ftfl±c»s?rz:r.av. 

AE*»«ttl®*A±E:. AE^Bttttl*. A IE ± fiP fiSft A ft <fc Z/ A IE * 3 A V * 8 ® 

*t«r«fc7c. wc^atttiv. AE±A«tt*Aj;&fA£A s a y tA v tx* f > 
AEA8Ainrit»A*zi«*. 

KlttAtSuESB 3Ay*l*AE**<3>±C»SKt3iaV. 

AE»iAAt*au7, AEAQiAtsaitzia*. 

t * e»± c»3b»l . aea*as«»a#. AESAAtticttu ti 

t * t»«* * I fitt. 
[ a * A 5 4 3 

» C A U f ■ # . *>*^tAt'CVf»A*r3A*A5 3 IC E A S> tt . 

c a * ia 5 5 ] 

a e » « a * . atst<:n»mz«*a6 sc is a 0 £ tt . 

[A* A 5 6 ] 

AG v - K ■ zv!7-^*tAfr;:*t»«**ZA*A5 3 cGAQfitt. 

[ a * a 5 7 ] 

miE&siBittJitf. »7>y>t8t':vt»«n?«*Ji6 3 ic ie m <o t tt . 
c a * a 5 8 ] 

AEAABttAff. Zv*^atAfcC*tW«*TZA*A5 3 ICE A <9 £tt. 

[ a x a 5 ? ] 

n ie # tt ft 8 » . 7^5z^^A<b»tst'c>jt««^r?a*Ji5 icatuj*. 
[ a * a 6 o ] 

AIE± BPfififtAflr . :»^il-*t3t':n»«U?fi*a5 3 CE«<<>£ tt. 

[ a * a e 1 ] 

AEAAA£ftftAtf. it8tUVt»IUJI*«B 3 C IE A © * . 

[ a * a 6 2 ] 

A A A A A S «»» 7 - K A ? A 'J . AEAAAtfCv (-S?Ji?C VtJfffiHZII 
* A 5 3 IC IE A 9 55 tt . 

[ a * a 6 3 ] 

»A*»tAE*A«5.SI)6A±c»fl?U. aoAEAAAAtAAUfcAc. SOEfitt 

tiijflci'jircvtniujfijraB scfiin)*s. 
[ a * a e 4 ] 
Att y , 

AISflJj&fAEfllA^IIK&AAAtftA/t. AETAAttOAlAfl-lCA*. A A A A 
±<9*gA A V . 

AIEffi&A©S0lEJ£8585#±ft£friwlEf'J§<?>fi]<i>A 1 IIS^ . 
AEAAA±AJ;&fAEffiie<&in<!>Al 52ft 1* . 

bu ie ss iffiftA<?)ii«;±©sg2fiaftfiJ>; 

tffi^^CVtSfSlVtlMRAMfA^X. 
[ A A A 6 5 ] 

AEAA«Al±AJ;&'AEfll«<&IB<PAl AHl?Jn7, AGAlA«A#fflE35 
1 A'JffiiOZII ADffiV. 
AAA 1 AAA±<9»2Ay*lV, 

AEAZAyrl±«py-KA>f. 
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»iEv-KS±<?)fia«tti?*)->T. ho ie sb 1 5atti^ioie^^5Ktt®±ic^z>&aiia 

t«fcfeC*t»tt**Itt*JR64lClE«l<9MRAM7 , yW7. 
[9**6 6 ] 

«<9MRAMf X . 
[ !S * JR 6 7 ] 

i»8E* 1 *tt*©«iB±»iafrn»c») . ^ so ie 95 2 mi^sm isftfiStt f± ic & z 

^BtttlV. 10 
tittcnJlinj»*Jll'8 6CC*<PMRAMf An. 

[ a * a 6 8 ] 

Bu!E95 1BtttItfHKttftEfql?*L. #^ffilE5S2ffi}iI#S£S5BSlKlq]t*tr2C 
[ si * JS 6 9 ] 

so- §e $e *t f # . iftitat-s * t * « * r 3 a * jr e vciEtoMRAMfAn. 
c » * « 7 0 ] 

lEAUfltf. # > * ^ t St' C V t iff ft V * I sljfcJR 6 7 CEt®M R AMf A X 20 

o 

[ tt # * 7 1 1 

»lE*1*«fltf.WtSt'::*t««Vt3tt*ffi67ClE*0MRAMfA4'X. 
[ m * JR 7 2 ] 

» IE 5/ - K S * . Zyir^fttSt'SXtHftVtJlSSB 7 CSE«<9M R AMf A -f 
X . 

C si * JR 7 3 ] 

>( X . 

[ m # JR 7 4 ] 30 
mi IE SI 1 m&M # . :v>ARt8t'CM««n?»*«6 7 CfitQMR AMfA 
* X . 

[ tt * JS 7 5 ] 

J»IEft«tt«ff. 7A>3;z7ZA»tt»tSfc'C*t!ffft*tZ&*JR6 7Cl5H!S>MRA 
M 7* A 4 X . 
[ ■ * * 7 6 1 

B0IE±fl3fiattl^. Zyer^RtSt'U^tWftVtZllJKJllS 7 ClCftPMRAMfA 
<f X . 

[ a * JR 7 7 ] 

S0IE55 2 §«f # . Sfi t 3 C V t iff ft Y t 1 m 5K JR 6 7 C CtK <0 M R A M7 A A X . 40 
[ n * JR 7 8 ] 

mi IE 55 1 * * * # C v -?£>'; . JBffi»2»»lXJf7-K*?*)?CVt»«){t3tt 
301 6 7ClB«©MRAMf , A'fX. 
C ffi X JR 7 9 ] 

sllftltBulE552«ll±ICs5itfeC , >;tiftft>:tZsl5f;jR67lUsE«:©MRAMT-A 
4 X . 

[ tt % JR 8 0 ] 

ffijiES«©a±S3^±0^ix<9Ka«)c^fi-?sii!ar^^$e^^it-?ih^T. misEffi*i& 
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i»geii!ien»a5ij:6f«iE«*»tt<!)ffliEj£a»aj*±<!>» i a y r s * . 

mi IE SB 1 Ayti±35f<fe&f«HEflJ«W855>»1*«lV, 
SO IE S3 1 $«S±37J;^JiulE«'Jf£l*]8P<i>93 2 A H i V , 
»i2S52Ayffi±?irJ;^ffi§E«JSnB5<?>5/-h , S*. 
ffl£V-KS±»«fcZfJ»8E«l«nff©£3l«ttS*. 

^©SP^ + iciflJH^t^-r?. BuiBsaffies±?yj;&fflfiiEfl!)iiMBn©5Si sass* . 
miEJSi«ttS±airj;c*'>*< veaj*ttci»iB±wia^n»c:»)3^attt», uiem 
ttfl±©*2«tt*. «y *6f»ie» z«ttl±©» 8 a y r stat'. BuIeb 1 ffi&s± 

©«1X<9SV. 10 
»E»1«ttlC«l7l35t7. JlQIE&ftcpSQ^llYft^fcl^S&ZSlSV 

C S * « 8 1 3 

ft IE 38 1 fiSttS#E£fiaS8Kli>lt*l,. #o8ulE!82ffiSiS#ta«fiaSlElq]t2ttZC 
*titf8i*tZa*JS80ClEtl!<i>;< : EyT'An. 
[ a * * 8 2 ] 

ii(ilESS©i!8««i&©SulEffl l JSVfilESfi5fli«-tf. «<b»t8t'C )! t»«V t Z 

[ a * a 8 3 ] 

fiu IE A 'J *>*A,t3€'CVt»«**3»*«80Cie«<!>,><Ey7 , A<rz. 20 

[ a * A 8 4 ] 

J8E«Stf.atSfrC*t»a**3tt**80CiE«®*Ey^A'r*. 

[ a * ji 8 5 ] 

IS IE y - K S # . ZY**8tat'C*t«a*TZa*«80C8E«<!>;<ty7 , A'rZ 

« 

[ a * « 8 e ] 

iiiES^sjttSaf.«Y>^>ts^cvt!ffSi!>;rza5i?Ji8oiciE«;<i)^ : EyT*;w 
[ a * ffi 8 7 3 

fwiESS 1 astts^ . z y *^ftt aoc * t»a* * z a*«8 o caw©* t y t*a * 30 

c a * Jl 8 8 3 
c a * JS 8 7 3 

1iuIE 582fiattS#. Zy^f*tSfrCVt!ft8St**ia*Ja80ClE*tf9*fy7 : *A'f 

X . 

[ a * js ? 03 

JiOIE?«1$iIS#7 : "<-> , y l» « ? ft y . lttiE*2*»S;tH2>;i»?*>3;:*t»«** 

i a * * 8 0 c ie m <o x t y f* a a x . 40 

[ a It JS 7 1 3 

HulE552««S±ICSI«ftStrmcS^U , i:t!tfS[^tia«Jl80ClE«©^€yf' 

An. 

c a * * 7 2 3 

T»*«<P«±l/*(*0±ac»*. 1«©Sft»W«»J:»Ji!llEfl8e0ia0Sft*£» 
S V . 

JBieS ft »S±a»J:6H»iBS ft 1 A'HiV, 

leu Ay-ri±«j;&iHB«ft»««n»<p»i 

J»lE»1*«S±fiJ;&fflBESft»rosna»®a2AyYS*. 

so ie sb 2 a y r S ± ft <£ & 9J IE 3 ft » HIS n §5 <0 5> - h" S Y . 50 
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l»lE s < /-h , l±35r<t&'»iEar<b»fl!J«Wff®iRa«'ltlV. 

tQ^ZlfUBft-mmtntJ. A±ft«fcZ*»iE$tt»flBfin»®» 1 Bttt 

1 V . 

80 15 a 1 58tt I d> Ik * ± ft £ 6f A SB * 1 fiBtt 5 <?> SO IE ± 0 C3 * ft* W <9 tttt tt A V , 
flie»lttttA±9B 2ttftA % . 

n e a z ittt A ± 9 s s a u r i v 

8E18A!)fll9iE«l?»->7. *BI1itlC«U7lftt3 8 2*«i 
[ IS * * 9 3 3 

95 IB A y * A # . *>*ArtSt'C>{tf»«^t7«*J»7 ZCfiUCMRAMfAn 
[ tt * JS 9 4 3 

ffltSt'::*t**«*rZ«l*»9 ZIC IE ©^MRAMt* A 4X. 

[ a * JM 9 5 3 

ft IB y - k A * . lyir^fttst'cnwaniB**? zceiqmram7a^ 

[ a >* IS 9 6 3 

JBESSHBttAtf. »7>;tr>tae';:Vt»«**Z»*JJl9 ZCElQMRAMf A 
<f X . 

c a * JS 9 7 3 

SEa 1tttt Atf . :y^Jlftt3t^n»flU?tt*JB? 2CEIQMRAM7A 
<f X . 

[ m 5K JB 9 8 3 

m leitaitt A ;» . 7*sz , >k»ft*ta<;*c*tfi«i{*'j»**? zce«<?>mra 

M t* A A X . 
I a * JS 9 9 3 

wiEazatttAiif. zv^AKtst'c^tntvtiB**? zciewomramt-a 
c a * ffi 1 o o 3 

J»Ea2**Ailft!>Xtt"?a';. »E»lA*AtfT»<5> , v h&tfrJ? )>?n®LYt 
J a * JR 9 2 C IE «! 9 M R A M t" A 'f X . 
[ a * JR 1 0 1 3 

»E»Z*»A±CM#AtttitfeC*tH«***H*«?2Cfi*0MRAM7»A 
X . 

[IXHII 0 23 

«JlE7 b DCy*Cttdr*l*MRAM-XtyiPl»tat'7'nCy1>-5/XT' 
t?»n7, BuEMRAM^t 'J IBS* > 

?>±» Cft 3 ttlt*3t V - 

MK««**©«EE»fftf±»*&»1»eflBen»<?>ai*«AV. 

n IE a 1 A«A±3»*c#ffiEflwen«®5/-KA*, 

»E5'-PA±a)rJ:6fl!IEffl!l«naJ9JRaattAV, 
!»E>RlHKttA±airJ;&HS!lEffllS«»<?>a 1 BKttA* , 
•llE»l*ttA0ll«±0 

m e a 2 ase A ± ic & - # t is e a i « *t a c « u 7ixt ? a 2 § m A v 

c a Jfc JS 1 0 3 3 

®«iEiswap»±»j:cnnafliJsn»©ai ahi?*^. « e a 1 * 
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v s # mi sb ft i A'jtsicazai ahik. 

ffi iB » 2fiBttI±9SS3A l J-r/i-?ih^7. 8ulBft2§«/i#filEft3A l ,i-\'S±lc;foZ 

ft 8 a u r f * 
[ a * a 1 0 4 1 

85 IB ft 1«ttStf±»iafr16*t*0. »-3ltG^ltftl»iieftl8tftf9l!ttB±VE!l 

^mjswic$)^c>;t^«tY-r^^*Jli o 3 ic IE tt q 7- o v. v it v x r a . 
[ a * * 1 0 5] 

0 4lCSBtt<57-nCy9-5/7T^. 

[ a * ji 1 0 6] 

» IB A 'J * 1 . >>HtSt^H»mJ«*Jll O4CsB«07*CH2v!>-5>Z 

[ a * * 1 07] 
[ a x js 1 o 8 ] 

[ tt * * 1 0 9 3 

ffjieA&ttttJitf. R7>*>tafr:n»«in?i«jii o 4 ic is « 7- □ c y ? 

5/ X t L . 
[IXA1 1 0 ] 

flj IE !B 1 fiS « I . Zv^Jtfttat^nJHlYtJI**! 04ClE«!<i>7-Qtfy-9- 
[ tt * * 1 1 1 ] 

ntB^attti». 7 ;u $ - ■> <bi» t st*c^ t if & * * z asKis 1 o 4 ccikot-d 

c a * JB 1 1 2 ] 

miiE±a5satti^. :v^A»tst'sn*in?»**i 04ciE*<?>7-cn2v? 
[ a * js 1 1 3 ] 

IS IB SB 2^*^^tZ>X^"?i?>' J i . Si IE ft 1 % V 1 * t 3 < V y Fi?*3CKt»«U 
3 B * J* 1 O4CC*0?DC¥f yzf A. 

[ a * m 1 1 4 1 

JBIBft2*«S±C»*#JltftitfeCVt1t*Vt2a*JXl04ClE«!<?)7-n-Gy1»- 
5/ 7 t A . 

[ a * js 1 1 5 ] 

7- □ -G y tfiiJ'MRAMlffiff. * - f y?lCiatft7H 3 C^t^ffif^tZasK 
Jfi 1 0 4C§E*tf<9 7-D-t2y-?'7 77 1 ZA. 

[ a * * i 1 6 ] 

M R A M « ft t » ST t ? ft ? ft o 1 , 

*«< veil*. iiiEtt^^(9BuiE«g^i±icr^ufc^m^-?if) , ;> r ^ ic so ie 

«iEU*W»l!lt**3ffl8E*T»««l®»tf. AJ;&fffllEttlti©tfi§eU ! S : »llrlIin 
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t Z £d» IC . ffliE»ttfi»«fcZ*ffi£*ttficattZ»iEtt»!tttS1-?fc4J>CXy;F 
>7t 1 IS* 

[IXA1 1 7 ] 

»EitBir*Lfea»fl)a*«ui^«iii<!)±cwitft*t»ttt z is^ . 

■fc*jtfcC*t»«**Z»*jRl 1 6 IClB IK <9 75 £ . 

[*ifl<?>8£ffl«i&i||] 10 
C 0 0 0 1 3 

( ft m <o ft- » ) 

*5SBflii. MR AM«&<9 Sl&fiftlCl L . JjySfflCtt. ft ft I ± ft J: <S IS ID if R 
ClSJUfeilitfitZMRAMltitClt?. 
[ 0 0 0 2 ] 

y, a*b ? t^ua^iH u v . *t¥£tt-?& s aiuac* »*it» 

'J (MRAM) fiffil* . Cft*<PfflAt*''lT«ttrze<D*a**Jt«J*.7UZ. 20 
[ 0 0 0 3 ] 

l«iittn*Q*HH7. « « t r 1 j roj );i7st^iiit:^?H 

<9«a^7l-^ttH«7*LT»«jr. 8Hb35liO*^«?>B«SC«UTffl«ttC rf fij « 
* V rSffiJ tt«<?>IH7£fcCWy*t>*. ?fftt«*»J;&fJRTfitt«CS3U7. SB 
S .X f 'J $ } # . 2o©S«^ffitAtt^t$U. t ft v> » r 1 j £ £ I* I" o J HT^f 
yH&Cfc->7tt*ai*ftZ. MRAM^««ta^/BU»o*r^t'C^tff?^2<?>tt 

[ 0 0 0 4 ] 30 
*Sp«l«MRAMiDI7'tt. ft $ 7 » h 'J '/ 7 7 7 / <i)fiffl Cl t 7 H < >i » R « ? » ? 

a » * a 4 c a * - > »« * ft * . c 0 a « 0 a * - > »ff c a . s$EtB*£±icE 

[ 0 0 0 5 ] 

■ © + * » t . tft* y v**«c rmttict^j -j * y ca * tt j . cqh 

/C^iK^smi^R. ^ft*. ai^ t <fc y # < i iffitti c I?] ^ . -*ftcj;-5Tt)& 
So«ist$*.z©c/&5«*atM'>rit?)£*Jt«iftzam?ft3. 7nivf> 

S £ R l) . nc, C9lSCJ;o74Dne>(9H'- , J)'7lv'/CJifi)II l JC 
[ 0 0 0 6 ] 

MRAMUftti'iUl^ttlft^ftUa^iBttrJMRAMtftflXlftJiSttt? 
:V»SJtl^. MRAM*ft®fl!J«fta. »<5Y'T7U-5/3>Rjt. *ft <P iE « » 

flfttr^T, iXA^a * ft ? . nc, * - a±#© * y «-*«ftt *a 

tUlDC, X e > X v f>7 , ci>;Sl^«l)MRAMmit<?)^0lt*? l J 
[ 0 0 0 7 ] 

*fgafl|*. MR AM»tt<3>Bft£*t«tt * 3 U V 7 ifc I . * 5! 5B ® M R A M ttft I* . K 50 
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l/^Wffi-JS/C^HlEtl*,?*. ttfrV Cffi«fi±C-**lt»J5*t 1 . * ?§ 58 <9 & it 
■£ Ht . MRAMUftQK&tt&MOfelftCfBSIR&fttit, *y*»ft©»2«3lt« 
« L . g: , lg«ftlSCJ;->7MRAM7>»9t»atiCl!t^lCtI. C © 
ISS^ISCJ;^, SaJ8ftIt-#ftriMRAM(!)E»|i»tS-Xy f >7X 
tv?7ML, 7 v> C±§55attl t -ft fc* 1 ± 83 8P#t . ^i55ttttl±IC±BPfiSttS 
tffli^JDt Jffl<5S-lEiSlvf >77tv??, SffIftiJ:C»«IJ. 
[ 0 0 0 8 ] 

I. ^ tl I* , *$7*hyy777<C#7ft*ttfcJ;&'H«*®fcM0[y**«<PZe 
>Iv f >7Cff?A)I(!)l3:^ tlilt I. * tt C . ^ tl C £ o 7 , MR AM 10 

[ 0 0 0 ?3 

Bfl*lll«CJ:-57?-«JCB*CJI»?tlJ:7. 
[00101 

(»*Ul)fSJ&0P«®§¥Iffl23lBB) 

[001 1 ] 

I" tfe tt J ft &ZS r x — A J >£ 1 1 ? ffl 8 IS . JJLT<5l!lW?ttS*ett^T««rtlT« 

. fii<i)¥«ft'x-x«t§t>c j. ^ s> ti & ic t* . 5/ y □ > « *g*t#±7 

y □ 7 (801) , y!;:>*>t7747 (sob) . f-- - 7 # £ ^ # k - 7- ¥ $ ft . 

fl*a*tiz::fctBflf*ti*.iJ. ¥*tt^=yyD> / \-x-?$)Z;B5ttsu. ¥ $ ft a . 
y y □ y - v k 7 z 1 u , !rji/T:n^.ttUt«"jn?6J;i). WT^stes?** 

[001 2 ] 

fttiffi-?ffl^tiTii'JttJ(?)^SV<?)«^«^^>:UT*fl^-tt*.Sg(i:(9^?«^^^ i t 

V l> "? ffl8 * £ . ^(5J;?«tI<5lieKJt?l!tSt' C V t fiB t 7 . 
[0013] 

i>XT IC sfe BH t 2 55* X t v 7*1* > *<D7f y ?9 8!ll*llfti:ftS«Zf y 91 
X»*ZJ:7ClllflHUT:i)Zfr, C <5 <t ? «I)f t $S 0 7 t J; H . 

[0014] 40 

M R AMt*J£©Sit^* t **t 2 C V -?$> 7 . 7^C, 1 <5MR AM 

#ac««ffll»»f» «» tl I . C 9 <fc 7 M1t9£8^*l< tttfttf^v 

tCMRAM7n5tiElCiSEtJ:n?U. ? »5 IC . ^SMfl^ItitJSUSU 

V IC <fc 7 - H*l®^«)<?)iafr*«9XC>Xyf>7CBIilt3aDIOB:»J-3* : VH 

5§^Q)^3S IC<fc -> 7 . MR AM®&<DmZ®ft®i*fa±?VJ Aft IC . ISPfiBttl (M2 

) ©^-fTrat^^Mi s±'\<s>fflSs*«J>ti«c* | j«i-z::v#-y* : z. 

[0015] 50 
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HbfS*tHb#8Rri^CJ:-5TmtBIBIt#Kt2)f. 12 1 tt , ¥lftS8, 
i t<9¥«ft^8±<?)CMO875i2X^J;^liiaK7> I /X^t*t?Sl0?j^6'«8ilt 
tt*. $3- $ U <KTE08$fettCVDSitt<!)Sl 1 »ffit) o 7 II Z tUSIICJ) Z a 
ItQMRAM^? yfl^<5llDBt»t. tt » fi 1 1 tt , »5000A<PJP7?*it*l 
I* >J * I) . CM0 87 7CZ^7> : /^ ( 0 /Tv tt r ) fit . *56*i<&IfiC*->7Kft 
f I^fMRAMf Aa<9ii (5S&*/iiUft,t&<S? = &fr) t«»t?MRAM7M 
S^W©^ , )3VJ;6fT<?)1ittWci)¥«^S8±?yd;&fSlOW8PICffSt2C'i:Z!lf?? : ? 

. iih * » t* □ - * i* ? > z * tt v <& ft 0 h ? > j/* 7 * * c ® h o * 1 on?i?» 

. MRAM7l/>f<!>T»CttK7tlZ. Cfl)J;?SMRAMF 7>y , 7»OBI»') i- 
AlC*i«n-XtS*tJ. J!(«CiDIt^7<9MRAM?)8rp7fy?». W 10 
»CCM08h7>5'X>»4t»fl!L rSCCtlSOMOlCTBjttltfil 1 ft ■ 
tiBSftJil 0 ± 7 *> *l Z . 18, 1 0 » «fc &M IB. JKliQlDI 7 7 y ?<?^ii)(5 

[0016] 

ttft & 1 1 2 t ft III 1 1 ± ? . C ft tt . it¥%%yk (CVD) IC <fc 3 ttV . ff 

*9«t*¥»CJ:-j72!*7»mi7l»?J;7C«SK*Z. t$9»IX7y?J?B^ 

fl.?u^stm«<!)iyf 77tijtru„JDc, c®Btft»ii 2t7* 

YX7 1 4-?A>->»*TZ. ^<5«artL*.«ftW»1 Z * « tt . » 1 « S * «f . 
MRAMZ^y? 3 NfeiD9C A 1/ - *U 7<P«>Jt »fct . 

[0017] 20 

::?azt*irn, 7t H/'/utx? i 4t*iU7, ifi ft » fi i 2 © sp # t 

»*U7T8P<9«««1 1 t B/B 7 * ~i . Ctltt, RSUttUttm^SJfl^C. 7a S 
U K Y X 9 1 4t8*Ufe*C«(R<i)SS?*«tJC)!#?n. X - ? B& ft % 
Ivf >7Cl0i77 7 Cy Hyf >7»Sffl^i7J)'J. ^-flvf>7»«ffl 

to©$Kti'}xyhXy?>7££ffl°I 7»H/yXM 4tlft»ll 2 <9 

SSI^lS'iSiitiOiUn. C9Z7V77H;, H 2 CSt J;7Ci?*i5MR 
AM7yy?32 ( H 7 * K ) 9lCA7tCl 0®fiP«-±CB$ftU5ll 2 t $ L 7 ft < 
. Ctl«Jfl>Blft»ll Z®»*fftfff^x-A±fflJ<?>IBW*tt*J;?C*Hril7l)3. 
[0018] 30 
B3t*9irz*. »ICMRAM7?y?3 2 (BUD <?> /S ffi BP ^ 3 8 (B4#K) 
t»*tZtl»C. -S©EflfttSSl 1ft<fc&f$£B£ft%»l1 2±Cit$7ft7l)Z. 
Cft"5©I©»1 ft *1 67ftJ. tQHtftll 6tCVD, 77X7CV 

D££tt/£}l&«£lC,£o7F*J>X , 73;:*#7? : 3tf. ««t»«^««BV©Jf7? 

«itn»««i«ii»f. 2ooAS^r-?t«-7iP)2,7. 7J^:7^nt», y y □ > bi 
fttttfettj^^z^^Sftwsv©*©^*!"?* 1 eicwirttic&ffirscvff?? 

Z . C<i)Sikai1 6 ± IC, 9 y 9 A? Q B 1 8tiif?. C«>>H11 8 tt , tt « 
/•AHfi^J/Iyf^TUy?!?* 1 ;, ® 1 0 0 A<5S7 C Z A v > *flt ? C )! 
»7f i. X C . 9 y 9 n,<DB\ 8±C3S©l20tttfl72. COIH<<)12 0^, ffl £ 
SStatl^b, tf^MRAMBli (Ml 2 2) U9CM08H 0t(5SSt3 40 
CM08H»<9H<9W«#?*)V. 1 tl t IS <i) ^ f * ^ X y ? U > 7 C J; t 7f#E)i 
tIC^»7f Jtf, ^fttt»20 0 0A<9Jf77tti7ftfittt>ittl). C 0lfl<5l 2 0 5) 
8iSStMRAMfAncir??r/y haSfettf y h8H7ftffltK'!!» 

7 9 s 7 . ? > •? ;b t s so <?> a d 1 1 1 ?t»<5S20 iciatz. c<5ahiu, 

S 2 0 - 4 0 0 A9l77<t:l). CUAHil f / ^ y I- a<9lBt ill 7«SUt 

7*#iJ*lltZ. »ESaJttttI**cn**5/-h , JZ1tCft'J<l>*1 6. 1 8. 
1 9 . 2 0±ICJtfSt2. t <9 5> - K 1 tt . NiFetSt'C^?*. » 1 0-1 00 
A©Jf77«i7tLfit«»JSU. C«!) ! y-h'S2 1 C<to7, » C *t « t ? & SfcJBtt 1 2 8 

© ;@ ie tt «s .1 b # qr«c« z . jssiBttJioH* t qr*c* 3 fcd&c. sait 12 3 

ty-FllC»«n. ^(911111 2 3 8 FeMn?J; <. » 1 0-1 0 0 A <9 Jf 50 
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r?«it*ll#«»}ttl). 8 1 fitt S ( M 1 ) 22tC<9^^fia.tt®23±IUBS5t , tZ. 
C 0 0 1 ? ] 

m it » I 1 ZO*#W«'±a»J:6'«inc«l«L*.Sft»Sl 6 # . T 8P S ffi 1 OC^L7 
ffl^ttC^QfltSlUBnf?. TaPS«IC^U7*§*JttlCl£i&llM1 S 2 Z <3> 8» J; V 

19. Z 0 . 2 1. Z 3 . 2 2t««t3. 
C 0 0 Z 0 1 

£ ft 1 1 6ttftSftJ;fr2H®-?ifo2. tnBllOlDt^litllQ^xyl-ttktqi 
TIUs)£BEtZCMPIg®;fed»<9ZKy7'S<<>&iiJttZ<9-?, *ttl 

c«t?aBAH?»'j. T•^ ^ yyh^!ltr#5)?tz^llcJ)^zo»^^?)l@<9Y^?' , u - v 
[ 0 0 z 1 ] 

X A y * y>7*£l*SR*«««¥0ff»®tt*©£fcCJ:->7. M1 12 Z * Ji « * Z 

«ffl*3»*c*b7»i 0-1 ooA<pJ»r?«it<iiar««j«fu. m 
ifiZZtt. :vir*»3AAh (NiFeCo)^S, * *. tt ff X © Pi « « ttift t 

J: U . U0»1Kftl2ZttZv**ft(NiFe) *»* U ll . Ml 12 Zttillt 
JBJSKt I C V C« MR AMSfFt. MlgZZ*s977t2XBf|c, ^Ql^fiBSZE 

|o]#HS7 tlTU 3 C * t l*t J . C9Mll22tt, 1 - H n ICHS U fcfiB# t C © 20 
Ml M Z 20fcttC4SKTZTBPfi>£SHBttl2 3 VS6aU7ll2<97Bl7*lS. 
[ 0 0 2 2 ] 

■ 4t#ltn. SSiftHII 1 8. 1 8. 1 9. 20. 21, 2 3. 22 

<t»si z s # t » * u . t w ffi a s 1 itBwrzj^c. it a u * » 

&'J<?> j§ 1 6 . 1 8. 19, 2 0, 21. 23. Z Z 3* «fc 2# T QftftWHtto S 1 Z t A 
*->iffil#")Iyf >7fZ. C tl I* . 7¥it**i?Iyy>7t?:)!CJ;i7 
JtflfTZC*#-**3.Sl8. 18. 19. 2 0, Z 1 , 2 3, 2Z#.2 4bttKflsJI 

lZ40W8PC#fct3 < i;"?IC. t tl •» <?> 1 1 . EZlCHiiU7BSieflU*.<fc?IC, * » c 

■8<b » Jg 1 zt»*ufe«ili i±c»?*itti»«»J*u. « c . Hb^li en 30 

f-y7-)I*U7«ffiU7. ^ ft ^ <9 1 t C M P Ub?titttttiti!S) IC J; ^ 7 «JI £ U . IS 
4C«tJ:7CMRAMJSa»W*8 8<?>;fe<y)<9fSl"Zff*Jj)i'fZ. 04SJ;&E 8 Cit J; 
7C.'-*<?>»«Jtl3*ifctt. JSSPSttE&Sl 6tf> MRAMiil^ISiiiJBriftClt 
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SELF- ALIGNED, TRBNCHLESS MAu MBTORESITTVE RANDOM-ACCESS 
MEMORY (MRAM) STRUCTURE WITH 5 IDE WALL CONTAINMENT OF 
MRAM STRUCTURE 



FIELD OF THE INVENTION 
Tins uivcjioon generally relates to a method of fabricating an MRAM structure, 
and more particularly to an MRAM structure that has a pinned layer formed above an 
insulating layer and widiiii a protective sidewalk 



BACKGROUND OF THB INVENTION 
Integrated circuit designer* have always sought the ideal semiconductor 
memory: a device mat is randomly accessible, can be written or read very quickly, is non- 
volatile, b'.it indeanitery alterable, and consumes little power. Magnetoresisiive random 
15 access memory (MRAM) technology has been increasingly viewed as offering all these 
advantages. 

A magnetic memory element has a structure which includes magnetic layers 
separated hy a non-magnetic layer. Information can be read as a "1" or a "0" as directions 
of magnetization vectors in these magnetic layers. Magnetic vectors In one magnetic layer 
20 are magnetically fixed or pinned, while the magnetic vectors of the other magnetic layer are 
not fixed so that the magnetization direction is free to switch between "parallel" and 
"antiparaueT stairs relative co the pinned layer. In response to parallel and antiparallel 
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srariM, the magnetic memory element represents two different resistance states, which are 
read by the memory circuit ai cither a "l** or a U Q* It is the detection of these resistance 
states for the different magnetic orientations that allows the MRAM to read and write 
information. 

' 5 In standard MRAM processing, there are certain sensitivities related to die use of 

optical photolithography. Typically, the ftec magnetic layer is patterned acpamcly from a 
previously deposited copper interconnect line and die pinned magnetic layer, which rests 
over it. This separate patterning requires a photo-step,' in which registration is critical for 
placement of the free layer over the pinned layer. 

10 Spin ctdiing is typically used to form the pinned layer. Spin etching causes the 

pinned layer to be "dished" or tecesscd in the center to a greater degree than the more 

exterior regions. This recessed shape is desirable because it is thought to cause more of die 

electromagnetic field to be directed at the free magnetic layer, thereby reducing the current 

needed to change the state of the free layer. Spin etching is notoriously non- uniform as it 
15 relates to the variations between the center and the outer regions of the wafer. 

Additionally, there arc problems with lopsidedness at the trailing edge of the spin caused by 

this process. 

It would be desirable to have a method of fabricating the MRAM structure 
whereby the structure is formed in a more accurate and reliable way. Sidewall protection of 
20 die MRAM structure, prevention of copper migration, and accurate definition of the 
structure arc all characteristics desired to be improved. Additionally, processing of the 
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MRAM structure without need for spin etching so as to achieve a more uniform structure 
across the wafer would also he advantageous. 



SUMMARY OV THE INVENTION 
5 This invention provides a method of fabricating an MRAM structure. The 

MRAM structure of the invendon does not bavc the pinned layer recessed within a trench, 
but instead forms it above an insulating layer. The method provides a ridcwal] protection 
for the bottom magnetic layer of the MRAM structure and insures a more reliable 
structure, which also allows definition of the MRAM stack by a self-aligning process. By 
10 this self-aligned process, the bottom portion of the MRAM stack, incorporating the 
bottom magnetic layer, is defined in a single etching step and the top portion, 
incorporating the :op magnetic layer, is defined above the bottom magnetic layer in 
another single, self-aligned etching step, which positions the top magnetic layer over the 
bottom magnetic layer. 

IS This process allows for the fabrication of MRAM structures without employing 

trench process technology. Ir eliminates many of the sensitivities associated with optical 
photolithography as well as the process variabilities associated with spin etching of the 
recess region for the pinned layer. Finally, ir allows for accurate control of the top 
magnetic layer in its positioning over the bottom magnetic layer so as to improve the 

20 electrical characteristics of the MRAM. 
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These and other features and advantages of the invention will be more dearly 
underwood from the following detailed description of the invention which is provided in 
connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG. I is an ilhwtjatiou of aii intermediate stage of processing of the MRAM 

device according to the invention; 

FIG. H is an illustration of a stage of processing of the MRAM device according 
to the invention, subsequent to the stage illustrated in FIG. I; 

FIG. IH is an illustnition of a stage of processing of the MRAM device according 
10 to the invention, subsequent :o the stage illustrated in FIG. II; 

FIG. IV is an illustration of a stage of processing of the MRAM device according 
to the invention, subsequent to the stage illustrated in FIG. TTT; 

FTG. V is an illustration of a stage of processing of the MRAM device according 
to the invention, subsequent to the stage illustrated in FIG. IV; 

U FIG. VI is an illustration of a stage of processing of die MRAM device according 

to the invention, subsequent to the stage illustrated in FIG. V; 

FIG, VII is an illustration of a stage of processing of the MRAM device 
according to rhc invention, subsequent to the stage illustrated in FIG. VI; 
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FIG. VIII is a cutaway perspective view of multiple MRAM devices illustrating 
rhr. interconnect between rnp magnetic layer islands in relation to underlying bottom 
magnetic layer lines: and 

FIG. IX is an illustration of a processor* based system having a memory circuit 
s and incorporating an MRAM device fabricated in accordance witii die invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following detailed description, reference is made to various specific 
embodiments in which the invention may be practiced. These embodiments are described 
10 widi sufficient detail to enable those skilled in the art to practice the invention, and it is to 
be understood that other embodiments may be employed, and that structural and electrical 
changes may be made without departing from the spirit or scope of the present invention. 

The terms •'substrate" and "wafer" are used interchangeably in the following 
description and may include any semiconductor- based structure. The structure should be 

15 understood to include silicon, siliron-on insnbtor (SOI), silicon -on-sapphire (SOS), doped 
and undoped semiconductors, epitaxial layers of silicon supported by a base semiconductor 
foundation, and other semiconductor srnicmrcs. The semiconductor need not be silicon- 
based. The semiconductor could be silicon-germanium, germanium, or gallium arsenide. 
When reference is made to the substrate in the following description, previous process steps 

20 may have been utilized to farm regions or junctions in or over the base semiconductor or 
foundation. 
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The term " metal r is intended to include not only elemental mecal, but metal 
with other trace meraU or in various alloyed combinations with other metals as known in 
the semiconductor art, as long as such alloy retains die physical and chemical properties of 
the metal. The term "metal" is also intended to include conductive oxides of such metals. 

5 No particular order is required for the method steps described below, with the 

exception of those logically requiring the results of prior steps. Accordingly, while many of 
the steps discussed below are discussed as being performed hi an exemplary order, this 
order may be altered. 

The invention provides a method of forming an MRAM structure that does not 
10 require the pinned layer, that is, the bottom magnetic (Ml } layer, to be recessed within a 
trench. Additionally, this method results in a protective sidewall for the MRAM structure. 
Such a protective sidewall adds increased reliability by preventing the migration of copper 
out of the Ml interconnect line, that is, the digit line, and also allows the MRAM suck to 
be accurately defined during processing. Further, by using the procc&i of the invention, 
13 many of the sensitivities associated with optical photolithography are eliminated, as are the 
processing variabilities associated with spin etching of a recess region for die pinned layer. 
Finally, the method of the invention allows for accurate control of the top magnetic layer 
(M2) size and positioning over the Ml layer so as to improve the electrical characteristics of 
the MRAM structure. 

20 Referring now to the drawings, where like elements are designated by like 

reference numerals, FIG. I depicts a cross-section of an MRAM memory cell during 
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processing ar an intermrriiarft tinge, wherein a semiconductor layer 8, a layer ID having 
CMOS access and logic transistors over the semiconductor layer 8, and layer of insulating 
materia] 11, preferably "TEOS or CVD nitride, are provided. The insulating layer 11 
should be about 5000 Angstroms thick. CMOS access transistors (not shown) can be 
5 fabricated over the jankonductor layer 8 and within layer 10 in the regions around and 
under the periphery of the MRAM array to conjoJ the functioning (reading and writing) 
of the MRAM devices to be fabricated by the process of this invention. Other transistors, 
such as logic or decoder transistors arc fabricated in this same layer 10 but under the 
MRAM array. Such a cunfiguraikm of the MRAM transistors conserves valuable space on 
10 the wafer. AU MRAM fabrication steps discussed hereafter occur over the layer 10 within 
which the CMOS transistor structures are formed and the planar insulating layer 11 surface 
formed over theses structures, Layers 8, 10, and 11 can be considered to be a substrate for 
further processing steps. 

An oxide layer 12 is formed over the insulating layer 11. This may be 
15 accomplished a* known in the art by any coevcuient means, such as by chemical vapor 
deposition (CVD). This oxide layer 12 is patterned with photoresist mask 14 to prevent 
the etching of regions that will not be removed until later processing steps. The protected 
oxide layer 12 regions will serve as separators for rhe MRAM stacks 32 during the first 
stage of fabrication. 

20 Referring now to FIG. II, portions of the oxide layer 12 arc removed using 

photoresist mask 14 to expose the underiying insulating layer 11. This may be 
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arcnmplislicd in multiple ways after the photoresist mask 14 is developed over those 
portions not to be removed. A spacer oxide etch phis a facet etch ran he used; a spacer 
etch can be used; and use of an oxide implant into an non-oxidized layer followed by a 
selective wet etch to remove the oxidized regions can be used as well The photoresist 14 
5 is also removed from over the remaining sections of the oxide layer 12. This step leaves the 
oxide layer 12 aver portions of the substrate 10 thct arc between the future MRAM stacks 
32 (see FIG. VII) as shown in FIG. H. These remaining sections of ihc oxide layer 12 are 
intended to provide tumours* lo die upper surface of the wafer. 

Referring to FIG. Ill, a series of layers are next deposited over the insulating 
10 layer 11 and remaining oxide layer 12 to form the bottom portion 38 {sec FIG. IV) of the 

MRAM stack 32 (sec FIG. VII). The first of these layers is an insulating nitride layer 16. 

The nitride layer 16 can be formed by CVD, PECVD, or ALD, and should be thick 

enough to be able to form sidewalk, less than 200 A should be sufficient. Other insulating 

layers can be alternatively used for layer 16, such as aluminum oxide, silicon oxide, or 
15 aluminum nitride. Over this nitride layer 16 ks deposited a layer of tantalum 18. The 

ranrahim layer 18 in an adhesion, barrier, and etch stop layer, and can be sputter deposited 

to a thickness of about 100 A. Next is deposited a layer of copper 20 over ihc tantalum 

layer 18. This copper layer 20 forms an interconnect line and is the current carrier 

between the MRAM pinned layer (Ml 22) and associated CMOS circukry in the 
20 underlying CMOS layer 10, and it can be formed by electroplating or sputtering, and 

should be about 2000 A duck. This copper layer 20 interconnect can be used as the digit 

line, or bit line, for the MRAM device. Over the copper layer 20 is deposited another 
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barricr layer 19 comprising tantalum. This barrier layer can be about 20-400 A thick. This 
barrier layer 19 separates the copper of the digit line from the subsequently formed layers. 
Over these layers 16, 18, L9, 20 is next deposited a seed layer 21 for the bottom magnetic 
layer region. The seed layer may comprise NiPc and should be about 1 0-100 A thick. This 
5 seed layer 21 enables proper crystal growth of the next deposited ana-fcrromagnetic layer 
23. An ami- ferromagnetic layer 23 is formed over the seed layer to enable the pinning of 
the bottom magnetic layer. The and -ferromagnetic layer 23 may be FcMn and should be 
about 10-100 A thick. Over rhis anti-fcnomagjictic layer 23 is formed die first magnetic 
layer (Ml) 22. 

10 These layers 16, 18, 19, 20, 21, 23, 22 are deposited in a cunformal manner, 

as shown in FIG. in, so that at its highest point relative to the underlying substrate 10, the 
nitride layer 16 deposited over and on the lateral sides of the remaining portions of the 
oxide layer 12 is at a higher elevation than the lowest portion of the Ml layer 22, relative 
to the underlying substrate. 

IS The nitride layer 16 is a protective and containment layer. r r allows for part of 

the self- alignment of subsequent process steps because it provides a differential layer to 
allow a wet removal of the oxide at a later stage of processing, ic acts as a stop layer lor the 
CMP process described below; it is a containment barrier against side damage to the 
MRAM structure and helps prevent the migration of the copper from the copper layer 20 

20 forming the digit lines. 
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Thc Ml layer 22 may be deposited by any convenient method, such as by 
sputtering or evaporation techniques, and depending on the material* used, should have a 
thickness of about 10-100 A. The Ml layer 22 may be one or more layers of any of a 
variety of materials with good magnetic properties, such as nkkcl iron cobalt (NiFcCo) 
5 alloy, or any similar compounds or alloys. This first magnetic layer 22 is preferably nickel 
iron (NiFc). The Ml layer 22 will form the pinned magnetic layer, meaning that the 
magnetic orientation of the layer is fixed during the accessing of the Ml layer 22 during 
MRAM operation. This Ml layer 22 is pinned because of its association with the 
underlying ami-fcrromagnctic layer 23, creating a singularly-oriented fixed magnetic field 
10 for this Ml layer 22. 

Referring to FIG. EV, the just deposited layers 16, 18, 19, 20, 21, 23, 22 and 
the underlying remaining oxide layer 12 arc patterned and etched so that the region* of the 
layers 16, 18, 19, 20, 21, 23, 22 over the rcnuining ooidc bycr 12 and the oxide layer 
12 itself are removed and the underlying insulating layer 11 is exposed. This may be 

15 accomplished by etching with IIP acid. The layers 16, 18, 19, 20, 21, 23, 22 should 
remain over the injulating layer 11 where the oridc layer 12 was first removed, as described 
in relation to FIG. II , so that the layers remain over the nitride bottom layer 16 and within 
the nitride sidewafis 24 created by the selective removal of the unwanted portions of the 
layers. The layers should next be polished by CMP (chemical mechanical pnlishing) using 

20 the nitride layer 1 6 as the stop layer to form stacks of layers for rhe MRAM bottom portion 
38 as shown in FIG. IV. This resulting structure should be such that the bottom nitride 
layer 36 forms complete sidewalls 24 for the entire height of, and a remaining bottom 
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portion of the layer 16 for the length of the bottom of the MRAM structure as shown in 

FIG. IV and VIII. AJso, the uppermost first Ml layer 22 of the ttrucniTt: should 

incorporate a recessed region 26, as shown in HG. IV and VIII, which is below the top of 

the nitride sidcwalls 24, This recessed region 26 of the Ml layer 22 is a natural occurrence 
5 of the coitforrnal deposition of the layers 16, 18, 19, 20, 21, 23, 22 and the CMP 

process, and as discussed above in relation to TIG. Ill, was made possible because the 

uiiridc layer 16 was formed at a maximum height which was above this recessed region 26 

of the Ml layer 22. Forming the recessed region 26 by this method eliminates Jic process 

variables associated with spin etching of a recess for the pinned layer as used in the prior an, 
10 and therefore, results in a more uniform structure. The nitride sidcwaU 24 provides 

struct are reliability by preventing bridging between structures, which could occur in the 

prior art because of the reliance on anisotropic curbing to accomplish device separation. 

The sxlewall 24 also confines the copper layer 20 and prevents copper migration from the 

digit line into any surrounding layers. Using the nitride sidewail 24 technique is a more 
15 accurate method of defining an MRAM stack 32 because the initial oxide pattern, which 

contributes to the sidewail 24 formation, is a single critical alignment at a IP size that is 

not registration sensitive. 

Referring to FIG. V, a non-magnetic layer 28 is next deposited confbrmaUy over 
the layer stacks and the insulating layer 11. This non-magnetic byer 28 can be aluminum 
20 oxide {A1 2 0 3 ), or another suitable material wiih equivalent characteristics, and can be 
formed by depositing an aluminum film over the substrate 10 and layer stacks, and then 
oxidizing the aluminum film by an oxidation source, such as RF oxygen plasma. This non- 
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magnetic layer 28 should be about 5-25 A thick. As sated this layer is non-magnetic and 
sctvcs as tnnnri orinV., r.lerrron sharing or a barrier layer for the magnetic layers during 
MRAM operation. The aluminum oxide non-magnetic layer 28 acis as an electron sharing 
layer when the magnetic orientation of the two magnetic layers is opposite, causing them to 
5 attract. Electrons are shared through the valence hands of the non-magnetic, non- 
conducthc layer 28, allowing &r electron migration. However, when the magnetic 
orientation of the two magnetic layers is alike, causing them to repulse, this ahiminum 
oxide layer 28 provides an effective barrier layer preventing electron migration. 

Over this non-magnedc layer 28 a second magnetic layer (M2) 30 is conform* lly 
15 deposited. This M2 layer 30 forms the free layer of the MRAM device 32. The M2 layer 
30 can be comprised of one or more layers of materials similar to those of the Ml layer 22, 
preferably >flFe and should also be about 10- 1 00 A thick. Over the M2 layer 30 is formed 
a capping and barrier layer 31 to provide oxidation and diffusion barrier protection. This 
layer 31 can be comprised of tantalum and should be about 20-400 A thick. 

15 As opposed to the Ml layer 22 (the pinned layer), the M2 layer 30 will not hare 

a fixed magnetization orientation and will be free to shift this orientation, and thus acts as 

the element for determining the stored value of a memory cell. It is the shifting of the 

magnetic orientation of the M2 layer 30 that allows the MRAM device to score data as one 

of two logic levels. This is accomplished by changing the current flow in the sense line of 
20 the M2 layer 30 to be in one direction or the opposite direction, thereby causing the 

related magnetic fields to reverse. Opposireh/ direcred current flows for the M2 30 layer, 
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rcsuk in magnetic field* of opposite polarity, which interact with the pinned magnetic ficid 
of the Ml 22 layer so that cither a "0" or a "1" is read by the sense line as different 
resistances. 

Referring to FIG. VI, the MRAM stacks 32 are now patterned over the 
5 substrate. This is a self- aligning process. Another photoresist mask 15 is formed and 
patterned over the capping and barrier layer 31 and the M2 layer 30 and the remaining 
layers 16, 18, 19, 20, 21, 23, 22 of the bottom portion 38 of the MRAM stack 32. This 
photoresist mask 15 defines discrete and isolated regions of M2 layer 30 and non-magnetic 
layer 28 over the Ml layer 22 (capped with layer 31). 

10 Referring to FTC VTI, layer 31, the M2 layer 30 and the non-magnetic layer 28 

arc next removed to expose die underlying insulating layer 11 and portions of the bottom 
portion 38 of the MRAM stacks 32. This may be accomplished by selectively etching layer 
31 , the M2 layer 30 and the aluminum oxide non-magnetic layer 28 over the underlying 
materials ro leave discrete islands 34 of layers 31, 30, and 28 over the rows of the bottom 

15 portions 38 of the MRAM srarks 32. Then the photoresist mask 15 is removed and the 
island* 34 over the MRAM stacks 32 are polished by CMP ro form the MRAM stacks 32 
shown in FIG. VII. 

By the method of rhe invention, the M2 layer 30 can be accurately controlled in 
iw positioning over and in relation :o the ML layer 22 by the masking and etching steps 
20 described in relation to FIG. VI and FIG. VTL This accurate control improves the 
electrical characteristics of the MRAM device. Because of the differences in characteristics 
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between the magnetic material inc. the non-magnetic material and the nitride sidewnB 24, 
the outer edges of the M2 byer 30 enn be adjusted to be outside or inside those of the Ml 
layer 22, without the need for multiple reticles, depending on the desired application. The 
uivenuou also reduces die lateral direction sensitivity in positioning the M2 layer 30 over 
5 the Ml layer 22 because the completed MRAM stack 32, including die already funned 
underlying structure coDtairdng the Ml layer 22 and the now formed M2 layer 30, is 
defined in a single &elf- aligning step when the M2 layer 30 and the non -magnetic layer 28 
are etched to leave those byen 28, 30 only over the already denned Ml layer 22. 

Referring to HG. VET, after formation of the MRAM stack 32 the M2 layer 30 
10 and the nan-magnetic layer 28 (and the capping/barrier layer 31 ) islands 34 on the top of 
the MRAM stack 32 are isolated by depositing a layer of dielectric material 40 over the 
islands 34, the exposed rows of mc bottom portion 38 of the MRAM stacks 32, and 
underlying wafer as shown. The dielectric layer 40 can be TEOS or CVD nitride. 

The capping and barrier layer 31 of each island 34 is re -exposed by etching 
15 through die diefceutL layer 40 to allow for the formation of interconnect lines. The M2 
layer 30 of the island 34 is connected (through layer 31) to an upper conductive 
interconnect line 36, which is the sense line or wordline, formed orthogonal to the 
underlyir.g bottom portion 38 of the MRAM stack 32, The M2 byer 30 of the island 34 
is thereby connected to the M2 byer 30 of other islands 34 over other Ml layers 22 by 
20 t hjc upper conductive interconnect line 36. This upper conductive interconnect line 36 is 
preferably copper and about 2000 A chick. Next, a dielectric byer (not shown) is blanket 
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deposkcd over the MRAM stacks 32 and chc upper conductive interconnect Unci 36. This 
dielectric, layer is polished to form a planari/ed surface, over rhe upper conductive lines 36 
(not shown tor illustrative purposes). This dielectric layer can also be TliOS or CVD 
nitride. 

5 As rated, the bottom portion 38 of each MRAM stack 32, including the nitride 

layer 16, the tantalum layer 18, the copper layer 20, and die Ml layer 22 run contiguously 
under the M2 layer islands 34, connecting multiple M2 layer islands 34 in rows orthogonal 
to the upper conductive Interconnect lines 36. All of the M2 layer islands 34 not 
connected on the same upper conductive interconnect line 36 or on the same Ml layer 22 
10 arc dectricaliy isolated from each other by the dielectric layer 40 deposited over the entire 
wafer. The underlying bottom portions 38 of each MRAM suck 32 arc also electrically 
isolated frocr. other MRAM stacks 32 by this dielectric layer 40. 

After the formation of the MRAM stacks 32, the M2 layer islands 34, the 
isolation of the MRAM stacks 32 and the M2 layer islands 34, and the formation of the 
1< upper ennrhunive infercrmnr** lines 3ft, MHAM processing continues known in (he art. 

As already discussed, the MRAM devices are connected rr> controlling transistors. 
These controlling transistors (rot shown) are fabricated within the CMOS layer 1 1 and can 
be located in the periphery around the MRAM amy. ihere can be contacts from the 
copper interconnect lines 20, 36, the digit and sense lines, for the Ml and M2 layers 22, 
20 30; one contacr for each copper interconnect. Each contact is connected to at least one 
controlling transistor in the periphery, which is used to turn the memory devices on or off. 
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These transistors can be formed by standard CMOS processing as known in the an. To 
conserve wafer space, at least some of the accompanying transisxra, such as those for logic 
and decoding, can be located below the MRAM array. 

This invention provides the ability to form MRAM devices as described above 
5 with high levels of vertical integration. This can be accomplished by forming a plurality of 
similar stacks and connects in the vertical direction. The MRAM sucks 32 and connects, as 
described above in relation to KCGs. I-Vm, may be duplicated a plurality of times in the 
vertical direction, thereby saving valuable wafer space. These additional levels of 
integration can be formed over ±e dielectric layer formed over and around the MRAM 
10 device upper interconnect lines 36, described above. The second level of integration is 
formed by the same process described above in relation to FIGs. I- VIII over this dielectric 
layer. 

FIG. DC illustrate* a processor system (e.g., a computer system), with which a 
memory having an MRAM memory device as described above may be used. The processor 

IS system comprises a central processing unit (CPU) 102, a memory circuit 104, and an 
input/output device (I/O) 100. The memory circuit 104 contains an MRAM, and 
possibly another memory device, including devices constructed in accordance with the 
pirscnt invention. Also, the CPU 102 may iiselfbe an integrated processor, in which both 
the CPU 1 02 and die memory circuit 104 may be integrated on a single chip, so as to fully 

20 utilize the advantages of the invention. This illustrated processing system architecture is 
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mercly exemplary of many different processor system architecture with which the invention 
can be used. 

The above description and accompanying drawiufp arc only illustrative of 
exemplary embodiments, which can achieve the features and advantages of the present 
5 invention, It is not intcinlcd lhat the invcuuon be limited to the embodiments shown and 
described in detail herein. The invention can be modified to incorporate any number of 
variations, alterations, substitutions or equivalent arrangements not heretofore described, 
but which are commensurate witii the spirit, and scope of the invention. The invention is 
only limited by the scope of the following claims. 

10 

What is claimed is: 
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1 . A method of forming an MRAM device, comprising: 

forming freestanding insulating sidewalk over 2 substrate to define a protective region 
bounded hy said sidewalls, said sidewalls being formed above the uppermost level 
5 of .said substrate; 

forming a bottom magnetic layer within said protective region; and 

forming a top magnetic layer over a region of said bottom magnetic layer. 

2. The method of claim 1, wherein said freestanding insulating sidewalls arc 

iriterconnected along their length by a bottom insulating layer between said 
10 sidewalls. 

3. The method of claim 2, wherein the act of forming said freestanding insulating 

sidewalls and said hotrom insulating layer comprises: 

forming a first insulating layer over said fcubsuatc and over at least two spaced 
sacrificial regions formed over said substrate, said sacrificial regions being 
15 substantially parallel to each other, extending k»gfcudinal]y across said substralx, 

and having substantially vertical sidewalls, wherein said insulating sidewalk arc 
formed on said substantially vertical sidewalls of said sacrificial regions and said 
bottom insulating layer is formed between said sacrificial regions; and 
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removing said at least two sacrificial regions and the portion of said first insulating 
layer formed thereover to leave said freestanding insulating sidewalk and said 
bottom insulating layer between said freestanding insulating sidcwalls, said 
freestanding insulating sidewalls and said bottom insulating layer cadi formed of 
5 said first insulating layer. 

4. The method of claim 3 , wherein the act of forming said bottom magnetic layer 

comprises- 

forrning a seed layer over said first insulating layer and within said protective region; 
forming an and-fcrromagncric layer over said seed layer and within said protective 
10 region; and 

forming said bottom magnetic layer over said anti- ferromagnetic layer and within said 

protective region, wherein said bottom magnetic layer has an upper recessed 

region- 

5. The mcdiod of claim 4, further comprising; 

15 forming a first barrier layer over said first insulating layer and within said protective 

region, wherein said first insulating layer comprises a nitride; 
forming a conducting layer over said barrier layer and within said protective reginn; 
forming a second harrier layer over said conducting layer and within said protective 

region, wherein said seed layer is formed over said second barrier layer, 
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removing the portion* of said barrier layers, said conducting layer, said seed layer, said 
anti-ferromagnetic layer, and said bottom magnetic layer that overly said sacrificial 
regions simultaneously with said removing of said sacrificial regions and said 
portion of said first insulating layer formed thereover; and 

S polislting die not removed portions of said first insulating layer, said first barrier layer, 

said conducting layer, said second barrier layer, said seed layer, said anti- 
feriomagnetic layer, and said bottom magnetic layer using said first insulating layer 
as a stop layer for said polishing. 

6. The method of claim 5, wherein said act of removing portions of said fint insulating 
lu layer, said first barrier layer, said conducting layer, said second barrier layer, said 

seed layer, said and- ferromagnetic layer, said bottom magnetic layer, and *aid 
sacrificial regions, comprises etching. 

7. The method of claim 5, wherein *aid first and second barrier layers comprise tantalum. 

8. The method of claim 5, wherein said conducting layer comprises copper. 
15 9. The method of claim 5, wherein said seed layer comprises nickel iron. 

1 0 . The method of claim 5 , wherein said anti-ferromagnetic layer comprises iron 

manganese 

1 1 . The method of claim 5 , wherein said bottom magnetic layer comprises nickel iron. 
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12. The method of claim 5, wherein said sacrificial regions comprise an oxide. 

1 3. The method of claim 5, wherein the act of forming said top magnetic layer comprises: 

forming a layer of non-magnetic material over said bottom magnetic layer and within 
said upper recessed region of said bottom magnetic layer, 
5 forming said top magnetic layer over said layer of noii-uuftnctic material; 

forming a third barrier bycr over said top magnetic layer; and 
removing portion of said layer of non-magnetic material, a portion of said top 
magnetic layer, and a portion of said third barrier layer to leave an island of said 
noil- magnetic material, said top magnetic layer, and said third barrier layer over 
10 said region of said bottom magnetic layer. 

14. The method of claim 1 3 , wherein the act of removing a portion of said layer of non- 

magnetic material, a portion of said top magnetic layer, and a portion of said third 
barrier layer comprises etching. 

1 5. The method of claim 1 3 , wherein said layer of nun-magnetic material comprises 
15 aluminum uridc. 

1 6. The method of claim 1 3 , wherein said top magnetic layer comprises nickel iron. 

17. The method of claim 1 3, wherein said third barrier layer comprises tantalum. 
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1 8 . The method of claim 1 3 , farther comprising fanning a conductive interconnect line 
over said island of said non-magnetic material, said top magnetic layer, and said 
third barrier layer, said conductive interconnect line being orthogonal to said 
bottom magnetic layer. 

5 19. The method of claim 1 8, wherein said conductive interconnect line is a wordli ne and 
said conducting layer is a bit hue. 

20. The method of claim 18, further comprising forming a dielectric layer over said 
conductive interconnect line, said first magnetic layer, and said substrate. 



21. A meihod of forming an MRAM memory device, comprising: 

10 forming a freestanding stacked structure above a substrate, said stacked structure 

comprising nitride sidewalls and a nitride bottom layer interconnecting said 
sidewalk, a conducting layer within said nitride sidewalk, and a first magnetic layer 
within said nitride sidewalk and over said conducting layer, 
forming a non-magnetic layer over a region of said stacked stricture; and 

13 forming a second magnetic layer over said n on- magnetic layer. 

22. The method o: claim 21, wherein the act of forming said freestanding stacked 

structure comprises: 

forming raised oxide layer regions over portions of said substrate, wherein portions of 
said substrate between said raised oxide layer regions arc exposed; 
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forming a nitride layer over said raised oxide layer regions and said exposed portions 
of said substrate; 

forming said conducting layer over said nitride layer; 

forming said first magnetic layer over said conducting layer; 
5 etching to expose said substrate where under said oxide layer regions to form said 

freestanding stacked structure, which includes said nitride sidewalk, a retraining 
bottom nitride layer between said sidewalk, a remaining conductive layer over said 
remaining bottom nitride layer, and a remaining first magnetic layer over said 
remaining conductive layer, said first magnetic layer having an upper recessed 
10 region; and 

polishing said freestanding stacked structure using said nitride sidewalls as a stop layer. 

2 3 . The method of claim 22 , wherein act of pohsbing said freestanding stacked structure 
docs not remove said upper recessed region of said first magnetic layer. 

24. The method of claim 22, wherein said act erf forming said freestanding stacked 
15 structure further comprises: 

forming a first barrier layer within said nitride sidewalls and over said nitride bottom 
layer, wherein said conducting layer is formed over said first barrier layer; 

forming a second barrier layer within said nitride sidewalls and over said conducting 
layer, 
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fnrming a seed layer within said nitride sidewalU and over said second barrier layer; 
and 

forming an anti-ferromagnetic layer within said nitride sidewails and over said seed 
layer, wherein said first magnetic layer la funned over said anti -ferromagnetic layer; 

3 wherein said oxkk layer regions, said nitride layer, said first and second barrier layers, 

said conductive Uycr, said, seed layer, said ami- ferromagnetic byer and said first 
magnetic layer arc etched simultaneously to expose said substrate and form said 
freestanding sracked structure. 

25 . The method of claim 24, further comprising polishing said stacked structure using 
10 said nitride stdewalb as an etch stop layer. 

26. The method of claim 25 , wherein said forming of said non-magnetic layer and said 

second magnetic layer comprise: 
forming said non-magnetic layer over said freestanding stacked structure and said 
substrate; 

15 forming said second magnetic layer over said non-magnetic layer, 

removing portions of raid second magnetic layer and said non -magnetic layer from 
over said substrate and said sracked structure, wherein said second magnetic layer 
and said non-magnetic layer remain over said region of siid stacked structure, and 
wherein said removing of said second magnetic layer and said non-magnetic layer 
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fcaves an island of raid second magnetic layer and said non-magnetic layer over 
said stacked structure. 

27. The method of claim*26, further comprising: 

farming a third barrier byer over said second magnetic layer, a portion of which is 
5 removed simultaneously with said second magnetic layer, wherein said act of 

removing portions of said third barrier layer, said second magnetic layer and said 
non-magnetic layer comprises etching. 

28. The method of claim 24, wherein said hrst ana second harrier byrrs comprise 

tantalum. 

10 29. The method of claim 24, wherein said conducting byer comprises copper. 

30. The method of claim 24, wherein said seed layer comprises nickel iron. 

31. The method of claim 24, wherein said anti-ferromagnetic layer comprises iron 

manganese. 

32. The method of claim 24, wherein said first magnetic, byer comprises! nickel iron. 

J 5 33. The method of claim 26, wherein said non-magncric layer comprises aluminum oxide. 
34. The method af claim 26, wherein said second magnetic byer comprises nickel iron. 
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35. The method of claim 27, wherein said third barrier layer comprises tantalum. 

36. Hie method of claim 27, further comprising forming a conductive interconnect line 

over said third barrier layer, said conductive interconnect line being orthogonal to 
laid stacked structure. 

5 37. The method of claim 36, wherein said conductive interconnect line u a wordline and 
said conducting layer ia a bit line. 

38. The method of claim 36, fuither comprising forming a dielectric layer over said 

conductive interconnect line. 

39. A method of forming a semiconductor device, comprising: 

10 forming a plm dlity of layers of MRAM cells over a substrate, me forming of at least 



one of said layers of MRAM cells comprising: 



forming a: least one first freestanding stacked structure over a substrate, said at least 
occ first freestanding stacked structure having first nitride sidewalk, a first nitride 



bottom layer interconnecting siid first nitride sidewalk, and the following layers 



15 



over said first nitride bottom layer and within said nitride sidewalk: a first barrier 



layer over said first nitride bottom layer, a conducting layer over said first barrier 
layer, a second barrier h*cr over said conducting layer, a seed layer over said 
second barrier layer, an anti-fcrrociagnetic layer over said seed layer, and a bottom 
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magnetic layer and over said anti-ferromagnetic layer, said bottom magnetic layer 

having a recessed region; 
forming a tint non-magnetic layer over a first region of said bottom magnetic layer of 

said at least one first freestanding stacked structure and within said recessed region 
5 of said bottom magnetic layer; 

forming a first top magnetic layer over said first non-magnetic layer; 

forming a third barrier layer over said first top magnetic layer, and 

forming a first conductive interconnect line over said third barrier layer, wherein said 

first conductive interconnect line is orthogonal ro said at least one first 
1 0 freestanding started structure. 

40. The method of claim 39, wherein the act of forming said at least one first freestanding 
stacked structure comprises: 
forming substantially parallel first raisrd oiide layer regions over portions of a 

substrate, wherein portions of said substrate between said first raised oxide tayer 
1 S regions are exposed ; 

fonrung a first nitride layer over said first raised oiide layer regions and said exposed 

portions of said substrate; 
forming said first barrier layer over said first nitride layer; 
forming said conducting layer over said first barrier layer; 
20 forming said second barrier hyer over said conducting layer; 
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forrning said seed layer over said second barrier layer; 
forming said anti-ferromagnetic layer over said accd layer; 
forming said first bottom magnetic layer over said anti-ferromagnetic layer; 
etching to expose said substrate where under said first oxide layer regions to form said 
5 at least one freestanding stacked structure; and 

polishing said at least one freestanding stacked structure using said first nitride 
sidewalls as a stop layer, so as to leave said recessed region in said first bottom 
magnetic layer. 

The method of claim 40, further comprising: 

forming a dielectric layer over said first conductive interconnect line and said 
substrate; and 

forming at leant one second layer of MKAM ceils over said dielectric layer. 

42. The method of' claim 40, wherein said first and second harrier layers comprise 
tantalum. 

IS 43, The method of claim 40, wherein (aid conducting layer comprises copper. 

44. The -method of claim 40, wherein said conductive interconnect line comprises copper. 

45. The method of claim 40, wherein said seed layer comprises nickel iron. 



(51) 



41. 

10 
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46. The method of claim 40, whereto said and -ferromagnetic lay er comprises iron 



47. The method ot claim 40, wherein said first bottom magnetic layer comprises nickel 
iron. 

f 48. The mcthud of daiin 40, wherein said first non-magnetic layer comprises aluminum 
oxide. 

49. The method of claim 40, wherein said first top magnetic layer comprises nickel iron. 

50. The method of claim 40, funhcr comprising: 

Conning at least one second freestanding stacked structure adjacent to and 
10 substantially parallel to said first fixes Cin ding stacked structure, wherein said 

second freestanding stacked structure comprises identical layers as said first 
freestanding stacked structure, wherein said first conductive interconnect line is 
over said third barrier layer of each said freestanding stacked structure and 
connects said first and said second freestanding stacked structures. 



13 51. The method of claim 50, wherein said first conducting layers of sai J first and second 
freestanding stacked structures arc bit lines and said first conductive interconnect 
line is a wordUnc. 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



V 

' (53) ''' JP 2004 51985? A 2004. 7. I 



WO O2/0:57S2 • RCT/US02/07M4 

-30- 

52. The method of claim 50, wherein said method is repeated over a dielectric layer 

formed over said first and second freestanding stacked structures, said conductive 
interconnect line, and said substrate. 



53. A method of forming an MBAM device, comprising: 

5 forming at least two spaced oxide regions over a substrate, said at least two spaced 

oxide regions having substantially vertical sidcwalls and being substantially parallel 
to one another; 

funning a nitride layer over said ai least two spaced oxide regions and said substrate, 
wherein said nitride layer is formed on said substantially vertical sidcwalls of said at 
10 least two spaced oxide regions; 

forming a first barrier layer over said nitride layer, 

forming a conducting layer over said first barrier layer, 

forming a second barrier layer over said conducting layer; 

forming a seed layer over said second barrier layer; 

15 funning an and- ferromagnetic layer over said seed layer; 

forming a bottom magnetic layer over said and- ferromagnetic layer; 

exposing said substrate under said at least two spacer oxide regions by etching, 

thereby forming nitride sidewalls comprising remaining said nitride layer, wherein 
said sidewails partially surround said first barrier layer, said conducting layer, said 
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second barrier layer, said seed layer, said anti-ferromagnetic layer, and said borxom 
magnetic layer; 

polishing said bottom magnetic layer, said anti-fciroinagncdc layer, said seed layer , 
said second barrier layer, said conducting layer, said first barrier layer, and said 
5 nirxide layer, using said nitride siidewvdls a* i slop layer, so that said bottom 

magnetic layer maintains a recessed region in an upper portion thereof; 

forming a non -magnetic layer over said bottom magnetic layer and said substrate; 

forming a top magnetic layer over said non-magnetic layer; 

forming a third barrier layer over said top magnetic layer; 

13 etching said non-magnetic layer, said top magnetic layer and said third barrier layer so 

as to leave islands of said non-magnetic layer, said top magnetic layer, and &aid 
third barrier layer over regions of said bottom magnetic layer; 
polishing said diird barrier layer; 

forming a dielectric layer over said third barrier layer and said substrate; 

IS exposing tops of said islands through said dielectric layer; and 

forming conductive interconnect lines over said islands, wherein said conductive 
interconnect lines are orthogonal to said bottom magnetic layer. 

54. The method of claim 53, wherein said barrier layers comprise tantalum. 

55. The method of claim 53, wherein said conducting layer comprises copper. 
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56. The method of claim 53, wherein said seed layer comprises nickel iron. 

57. The method of claim 53, wherein said and-fenomagncric layer comprises iron 

manganese. 

58. The method of claim 53, wherein said bottom magnetic layer comprises nickel iron. 

5 59. The method of claim 53, wherein said non-niagnctic layer comprise* aluminum oxide. 

60. The method of claim 53, wherein said top magnetic layer comprises nickel iron. 

61 . The method of claim 53, wherein said conductive interconnect lines comprise copper. 

62. The method of claim 53, wherein said conductive interconnect lines are wocdlincs and 

said conducting layer is a bit En e. 

l!> 63. The method of claim 53, wherein said method is repeated in the vertical direction 
afLer forming a dielectric layer over said conductive interconnect lines ar-d 
polishing said dielectric layer. 

64. An MRAM device, cornprising: 



a substrate; 
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an insulating layer over said substrate, said insulating layer comprising sidewalk and a 
bottom portion between said side walls, said insulating layer being over the 
uppermost portion of said underlying substrate; 

a first conductive layer over said bottom portion of said insulating layer and between 
5 said sidewalk; 

a fine magnetic layer over said conductive layer and between said sidewiuTs; and 
a second magnetic layer over a region of said first magnetic layer. 

65 . The MRAM device of claim 64, further comprising: 

a first barrier layer over said bottom insulting layer and between said tide walls, 
I o wherein said first conductive layer is over said first barrier layer; 

a second barrier layer over said first conductive layer, 
a seed layer over said second barrier layer; and 

an anti- ferromagnetic layer over said seed layer, wherein said first magnetic layer is 
over .said anti-fcmunaj^nelk layer. 

15 66. The MRAM device of daim 65, wherein said first magnetic layer has an upper recess 
in a portion thereof. 

67. The MRAM device of dairo 66, nirthrr comprising: 
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a non- magnetic layer ovci said region of said first magnetic layer, wherein said non- 
magnetic layer is at least partially within said upper recess of said first magnetic 
layer and said second magnetic layer is over said non-magnetic layer; 

a third barrier layer over said wxuud magnetic layer; and 
5 a second conductive layer over said third barrier layer and orthogonal to said first 

conductive layer. 

68. The MRAM device of claim 67, wherein said first magnetic layer has a pinned 

magnetic orientation, and wherein said second magnetic layer has a fixe magnetic 
orientation. 

10 69. The MRAM device of claim 67, wherein said insulator layer comprises a nitride. 

70. The MRAM device of claim 67, wherein said barrier layers comprise tantalum. 

71. The MRAM device of claim 67, wherein said first conductive layer comprises copper. 

72. The MRAM device uf claim 67, wherein said seed layer comprises nickel iron. 

73. The MRAM device of claim 67, wherein said anti-fcrromagiicric layer comprises iron 
15 manganese. 

74. The MRAM device of claim 67, wherein said first magneric layer comprises nickel 

iron. 



"(57) ' 



Patent provided by Sughrue Mlon, PLLC • http://www.sughrue.com 



"(58) * 



JP 2004 51985? A 2004.7.2 



WO 02/0:5782 KnWSU2JQ72U 
-35- 

75. The MRAM device of claim 67, wherein said non-magnetic layer comprises aluminum 

mridc. 

76. The MRAM device of claim 67, wherein said top magnetic layer comprises nickel 

iron. 

5 77. The MRAM device of cbun 67, wherein said second conductive layer comprUes 
copper. 

78. Tlic MRAM device of claim 67, wherein said first conductive layer is a bit Knc and 

said second conductive layer is a wordline. 

79 . The MRAM device of claim 67, farther comprising n dielccrric layer over said second 
10 conductive layer. 

80 . A me mory device , camp rising : 
a substra;c; 

a plurality uf *ubstan dally parallel and spaced insulating structures above die 
uppermost portion of said substrate, each said insulating structure comprising 
l s sidcwalls and a bottom portion between said side walls and being separated by an 

HmbHTij T material which is between said structures and over said substrate; 

a first barrier layer within said sidewalk and over said bottom portion of said 
insulating structures; 
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a first conductive layer over said first barrier layer and within said sjdewalls; 
a second barrier layer over said first conductive layer and within said sidewalls; 
a seed layer over said second barrier layer and within said sidewalls; 
an anti-ferromagnetic layer over said seed layer and within said sidewalls; 
5 a first magnetic layer over said anti-ferromagnetic layer and within said sidewalls, said 

first magnetic layer having an upper recess in a portion thereof; 
a plurality of islands over said first magnetic layer, wherein said islands comprise a 

non-magnetic layer over said first magnetic layer and at least partially within said 

upper recess, a second magnetic layer over said non-magnetic layer, and a third 
10 barrier layer over said second magnetic layer; and 

a second OJCidoctive layer over cadi island of said plurality of islands, said second 

conductive layer being orthogonal to said first magnetic layer. 

81 . The memory device of claim 80, wherein said first magnetic layer has a pinned 

magnetic orientation, and wherein said second magnetic layer has a free magnetic 
15 orientation. 

82. The memory device of claim 80, wherein said sidewalls and said bouom portion of 

said plural hy of insulating structures comprise a nitride. 



83. The memory device of claim 80, wherein said barrier layers comprise tantalum. 
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84. The memory device of claim 80, wherein said conductive layers comprise copper. 

85. The memory device of claim 80, wherein said seed layer comprises nickel iron. 

86. The memory device of claim 80, wherein said anti-ferromagnetic layer comprises iron 

manganese. 

3 87. 'I he memory device of claim 80, wherein said first magnetic layer comprises nickel 
iron. 

88. The memory device of chum 80, wherein said non-magnetic layer comprises 

aluminum oxide. 

89. The memory device of daim 80, wherein said ascend magnetic layer comprises nickel 
10 iron. 

90. The memory device of daim 80, wherein said first conductive layer is a digit line and 

said second conductive layer is a sense Hne. 

9 1 . The memory device of daim 80, further comprising a dielectric layer over said second 

conductive layer. 

is 92. An MRAM device, comprising: 
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a pair of nitride sidewalk and a nitride bottom layer between said sidewalls, said 
sidewalls and bottom layer being above the uppermost level of an underlying 
substrate; 

a first barrier layer over said nitride bottom layer and witliin said nitride sidewalls; 
5 a first conductive layer over said nrst barrier layer and wirhin said nitride sidewalls; 

a cecond barrier layer over said first conductive layer and within said nitride sidewalls; 
a seed layer over said second barrier layer and within Raid nitride sidewalls; 
an anti-ferromagnetic layer over said seed layer and within said sidewalls; 
a first magnetic layer over said anti-ferromagnetic layer and within said nitride 
10 sidewalls, said first magnetic layer having an upper recessed region therein; 

a non-magnetic layer over a region of said first magnetic layer and within said upper 
recessed region of said first magnetic layer; 

a second magnetic layer over said non-magnetic layer, 

a third barrier layer over said second magnetic layer, and 

15 a second conductive layer over said third barrier layer, said second conductive layer 

being orthogonal to said first magnetic layer. 

93. The MKAM device nf daim 92, wherrin said barrier layers comprise tantalum. 

94. The MBAM device of daim 92, wherein said conductive layers comprises copper. 



Patent provided by Sughrue Mlon, PLLC - http://www.sughrue.com 



\6Z) 



JP 2004 51985? A 2004. 7. Z 



rCTAJ SOLO 72*4 



95. The. M KAM devic* of claim 92, wherein said seed layer comprises nickel iron. 



96. The MRAM device of claim 92, wherein said anti -ferromagnetic byer comprises iron 



97. The MRAM device of claim 92, wherein said first magnetic byer compose* nickel 

iron. 

98. The MRAM device of claim 92 , wherein said nan-magnetic layer comprises aluminum 

oxide, 

99. The MRAM device ofebira 92, wherein said second magnetic byer comprises nickel 



10 100. The MRAM device ofebim 92, wherein said second conducive byer is a sense line 
and said first conductive layer is a digit line. 

101. The MRAM device ofebim 92, further comprising a dielectric layer over said second 
conductive layer. 



102. A processor system, comprising: 
15 a processor; and 

an MRAM memory circuit coupled to said processor, wherein said MRAM memory 
circuit comprises: 
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an insulator structure having a pair of sidewalk and a bottom portion interconnecting 
said uidrwalls, said arm mire being above an underlying substrate and the 
uppermost portion thereof; 

a first conductive layer over said bottom portion and within said sddcwalls of said 
i insulator structure; 

a seed layer over said firsr conductive layer and within said sidewalls; 

an anti-ferromagnetic layer over said seed layer and within said sidewalk; 

a first magnetic layer over said and -ferromagnetic layer and within said sidewalls; 

a non -magnetic layer over a region of said firsr magnetic layer; 
10 a second magnetic layer over said nun- magnetic layer; and 

a second conductive layer over said second magnetic layer and orthogonal to said first 
magnetic layer. 

103. The processor system of claim 102, further comprising: 

a first barrier layer over said bottom portion and within said sidewalls of said insulator 
15 structure, wherein said first conductive layer is over said first barrier layer; 

a second barrier layer over said first conductive layer, wherein said seed layer is over 

said second barrier layer; and 
a third barrier layer over said second magnetic layer, wherein said second conductive 
layer is over said third barrier layer. 
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104. The processor system of claim 103, wherein said first magnetic layer comprises an 

upper recessed region, and said con- magnetic layer is within said upper recessed 
region of said first magnetic layer. 

105. The processor system of claim 104, wherein said sidewalk and said bottom portion of 
5 said insulator structure comprise a nitride. 

106. The processor system of claim 104, wherein said barrier layers comprise tantalum. 

1 07. The processor system of claim 104, wherein said conductive layers comprise copper. 

1 08. The processor system of claim 104, wherein said seed layer cumpriics nickel iron. 

109. The processor system of claim 104, wherein said anti -ferromagnetic layer comprises 
10 iron manganese. 

110. The processor system of claim 104, wherein said first magnetic layer comprises nickel 

iron. 

111. The processor system of claim 104, wherein said non-magnetic layer comprises 

aluminum oxide. 

13 112. The processor system of claim 1 04, wherein said mp magnetic layer comprises nickel 
iron. 
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113. The processor system of claim 104, wherein said second conductive layer is a sense 

line and said first conductive layer is a digit line. 

114. The processor system of claim 104, further comprising a dielectric layer over said 

second conductive layer. 

5 115. The processor system of claim 104, wherein both the processor and the MRAM 
circuit are integrated on a single chip. 

116. A method of fotuiiug an MRAM structure comprising: 

forming a plurality of spaced longitudinally extending sacrificial regions over an 
insulating layer; 

1 0 forming a plurality of material layers over said insulating layer and said sacrificial 



regions, the lowermost one of said material layers being an insulator layer having a 
U -shape cross section profile between said spaced sacrificial regions, at least onr. of 
said material layers being a conductive layer formed over said insulator layer of said 
material layers, and at least one of said material layers being a magnetic, material 



etching to remove said sacrificial regions and said material layers where overlying said 
sacrificial regions to form a pluraliry of spaces stacked structures which induce 
portions of said lowermost insulator layer having said U-shape profile, and 
portions of said conductive and said magnetic material layers formed within said 



15 



layer formed over said conductive layer; and 



20 



U-shaped profile of said insulator layer. 
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1 1 7. The mcthnd of daim 1 1 6, farther comprising: 

forming a noo-msgneric layer over said plurality of spaced stacked su ucturcs and 
insulating layer; 

forming a sccood magnetic layer over said non -magnetic layer; 
5 removing portions of said non-magnetic layer and said second magnetic layer by 

ctdiing, leaving islands of said non -magnetic layer and said second magnetic layer 
over regions of said magnetic layer of fiaid plurality of 6paced tucked structures. 
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